A 200 MHz 12-bit fast transient recorder card has been used for the digitization of pulses from photomultipliers coupled to organic scintillation detectors. Two modes of operation have been developed at ENEA-Frascati: a) continuous acquisition up to a maximum duration of ∼ 1.3 s corresponding to the full on-board memory (256 MSamples) of the card: in this mode, all scintillation events are recorded; b) non-continuous acquisition in which digitization is triggered by those scintillaton events whose amplitude is above a threshold value: the digitizing interval after each trigger can be set according to the typical decay time of the scintillation events; longer acquisition durations (>1.3 s) can be reached, although with dead time (needed for data storage) which depends on the incoming event rate. Several important features are provided by this novel digital approach: high count rate operation, pulse shape analysis, post-experiment data re-processing, pile-up identification and treatment. In particular, NE213 scintillators have been successfully used with this system for measurements in mixed neutron (n) and gamma (γ) radiation fields from fusion plasmas: separation between γ and neutron events is made by means of a dedicated software comparing the pulse charge integrated in two different time intervals and simultaneous neutron and γ pulse height spectra can be recorded at total count rates in the MHz range. It has been demonstrated that, for scintillation detection applications, 12-bit fast transient recorder cards offer improved performance with respect to analogue hardware; other radiation detectors where pulse identification or high count rate is required might also benefit from such digitizing techniques.
INTRODUCTION
Organic scintillators such as NE213 and stilbene have an important intrinsic feature: the shape of the scintillating light pulse, induced by the incoming nuclear radiation, is different respectively for neutron and γ-ray events. Therefore, by means of appropriate pulse shape discrimination (PSD) hardware techniques, these detectors can be used for neutron (n) and γ-ray (γ) measurements in mixed n/γ fields in high energy physics experiments [1] , n/γ metrology [2] , and controlled thermonuclear fusion [3, 4] . Digital pulse processing is playing an increasingly important role in many research fields [5] [6] [7] . The advent of fast A/D transient recorders allows direct digitization of detector signals up to GHz sampling rate with a resolution up to 12-bit, i.e. with an input pulse dynamic range up to 1000 and more. In particular, the application of fast transient cards for direct sampling of pulses from scintillation detectors enables high count rate operation with n/γ pulse shape discrimination, currently limited around 100 KHz because of analogue PSD hardware, and opens new possibilities for n/γ counting and spectroscopy. Besides the high count rate operation performance, the fast digitizing technique has the essential advantage that post experiment signal data reprocessing is feasible for further improvement of data analysis. Possible real-time control applications can be also envisaged. A new fast digitizing system for scintillators has been developed at ENEA Frascati for fusion applications [8] . Section 2 describes the experimental set-up and reports about the measurements performed with the fast digitizer. In Section 3 the acquisition modes are reviewed. Sec-tion 4 deals with the pile-up treatment. Future actions on fast digitizing techniques are outlined in Section 5. 
EXPERIMENTAL SET-UP

High Count Rate
Fast plasma phaenomena such as generation of electrons accelerated to MeV energy (runaway electrons) can produce simultaneously high neutron and γ-ray emission during a plasma discharge. Fig. 1 shows a 3 ms time window of the total count rate at MHz level of the n/γ field detected with the NE213 scintillator plus digitizer during the FTU discharge 23336. The spikes are due to bursts of nuclear radiation emitted by runaway electrons; no separation between neutron and γ-ray events is carried out in this case.
Digital Pulse Shape Discrimination
Scintillation light pulses are due to the combination of fast and slow emitting components: the amplitude of the slow component is higher for neutrons than for γ-rays, allowing discrimination of the incoming event. A software tool operating into two steps has been developed in order to perform n/γ separation. The aims of the first step are: (a) reduction of low frequency noise; n/γ separation (Stilbene, AmBe source).
The second step concerns the n/γ discrimination analysis which is based on the charge comparison method. Each pulse is integrated in two time windows starting from the pulse peak, typically ∆t f =25 ns and ∆t s = 120 ns. The ratio, Q s /Q f , of the charges integrated during the selected time windows provides the indication whether a neutron or a γ-ray event has taken place (Fig. 2) . Eventually, all events are cross checked by this technique and three distinct datasets, respectively for neutrons, γ-rays and pile-up events are obtained.
Pulse Height Analysis
Neutron and γ-ray pulse height spectra are obtained simultaneously by integrating each pulse in a suitable time window which can last 150 ns up to 325 ns from the beginning of the pulse. In Fig. 3 are shown the pulse height spectra measured with the Stilbene detector in the mixed n/γ field of an AmBe source. The γ contribution is one order of magnitude higher than the neutron one. The γ line at 4.44 MeV, due to the reaction α+ 9 Be leading to 12 C+γ (4.44 MeV) + n, is well identified at channel ∼750. total n γ Figure 3 . Neutron and γ Pulse Height Spectra.
ACQUISITION MODES
Two acquisition modes are operationally available: a) continuous mode, with a total acquisition time duration of ∼1.3 s; b) non-continuous mode, in which only triggered pulses are digitized allowing longer time acquisitions (>1.3 s).
Continuous Acquisition Mode
After a start trigger is given, the input signal is sampled continuously until the card memory is completely full. All pulses are recorded regardless of their amplitude for a duration of ∼1.3 s, corresponding to 200 MSamples/s with 12-bit resolution. Afterwards, data transfer/storage takes place onto the PC system. The continuous mode is suitable for FTU plasma discharges, allowing high count rate operation (MHz level) with no loss of data. Full pulse processing is then performed via software (see Fig. 4,5 ).
Non-Continuous Acqusition Mode
For acquisitions lasting over 1.3 s an alternative scheme has been developed in which digi- tization is triggered only by those scintillation events whose amplitude is above a preset threshold value. The photomultiplier anode signal is split into two signals (see Fig. 6 ); one is used for pulse triggering and the other (suitably delayed) for pulse digital acquisition. Each trigger pulse is associated with a time stamp marking the beginning of each pulse event for time reconstruction. An external start signal (for example the beginning of the plasma discharge) is used and a sequence of triggered pulses (32 samples each at 200 MSamples/s) can be recorded without restarting the hardware. After a preset programmable acquisition buffer of the memory has been filled, the acquisition is stopped and data transfer/storage onto the PC system takes place. The non-continuous mode allows long time acquisition durations with partial events loss due to the dead time needed for data transfer/storage.
Tests have been performed to characterize the data transfer/storage duty cycle. Pulses have been produced by a pulse generator up to a repetition rate of 400 kHz to fill an acquisition buffer length of 16 kbytes which corresponds to 512 pulses. The duration of the acquisition time intervals depends on the pulse rate frequency: 50, 5, 2 and 1.5 ms respectively for pulse rates of 10, 100, 300 and 400 kHz. The measured dead time for transfer/storage of each acquisition buffer is 4 ms.
PILE-UP
Pile-up events (see Fig. 7 ) are a major concern at high count rate operation. A neural network technique has been applied for recognition/identification of neutron and γ pulses in pile-up events. Tests have been carried out with experimental n and γ pulses mounted for simulating pile-up events with different time delay. The results of these tests [9] indicate the possibility of performing n/γ discrimination up to 10 MHz range, i.e. two subsequent pulses within a time interval of 13-19 samples, corresponding to 65-95 ns, can be identified as n/γ events with a success higher than 80%. Further work has to be done by testing the neural network technique with experimental pile-up measurements.
CONCLUSIONS -FUTURE ACTIONS
A/D 200 MHz transient recorders enable simultaneous neutron/γ-ray counting and pulse height spectroscopy at high count rate (MHz level). Satisfactory performance of the system in tokamak plasma experiments has been achieved using two different acquisition modes: the first mode for 
